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???????? (AWG) Sony Tektronix AWG2021
?? (PWR18-2TP) Kenwood PWR18-2TP
?? (R6243) Advantest R6243(2?)
??????? (Main Osc.) Tektronix TDS5104
??????? (Sub Osc.) Tektronix TDS3054B
????????? (Logic Analyzer) Tektronix TLA5202
???????????????????????????????????2????????
???????????????????????????
??????
???????????? 500 mV????ON???OFF????????????????
???? CMOS??????????????
2.5 ?????
?????ΔΣ?????????????????? 5??????? 1?? 0.25 μmCMOS
??????????????????????????ΔΣ?????????????? 2.14
??????????? 720×320 μm????
2.5.1 ???? ·??
ΔΣ?????????????????? 2.4????????????? 2.15????
???????? (AWG)??????????????????????????AWG??
?? 50 Ω????????????????????????????????????????
20 ? 2? ??????ΔΣ??????
? 2.14: ????????????????ΔΣ????????????
????????????????????????????????????????????
????????????????????????????????? 500 mV??????
???????????????????????????????????????????
10k∼10MΩ??????????????????????????????LMC660CN(National
Semiconductor)????????????????????????????????????
????????????LMC660CN??????????? 1 TΩ?? [11]????????
????????????????????
???????? VCM ? 200 mV????????? Vref+?Vref− ????? 300 mV,100
mV???????????????????????ΔΣ?????????????????
????????????????????????????????????????????
????
2.5.2 ????
? 2.5?????????????????????ΔΣ??????? SNDR???? 2.16
???? SNDR????ΔΣ???????????????? 2.17????? 2.16????
??????????????????ΔΣ????????? 33 dB????????????
????????????? 22 dB? SNDR?????????????????????? 26
nA???? 10 dB????????? 2.17????????????????????????
??????????SNDR???????????????????????????????
?????????????????????????????? (2.6)???????????
??????????SNDR??????????????????????????????
????????????????????????????????????????????
????AD??????????????????????????????????????
????????????????? ISS ??????????? 2.6????????????
??????????????????????????????? ΔΣ??????? SNDR
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DUT
DG
Logic
Analyzer
R6243PWR18-2TP
R6243
AWG
Sub Osc.
ch2ch1
50 Ω
Termination
ch1
ch2
in+
in-
rstclk
bias
VcmVref-Vref+
VDD
PWR18-2TP
5 V
Passive
Probe
National 
Semiconductor
LMC660CN
0.5 V
0.3 V 0.1 V 0.2 V
0.6~1 nA
out
Main Osc.
? 2.15: ΔΣ????????????????
? 2.5: ???????????ΔΣ???????????
???? 500 mV
??????? 5 kHz
????? 39 Hz
???????????? 16?
?????? 1.0 nA
(?????????????????)
???????? 2.18? SNDR????????? 2.7??????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????SNDR????????????????????????????
???????????????????
22 ? 2? ??????ΔΣ??????
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 -40  -20  0
With Slew rate Boost
Without Slew rate Boost
SN
DR
 (d
B)
Amplitude (dB)
? 2.16: ??????????? ΔΣ??????? SNDR ???????????????
??? SNDR?? 10 dB????
? 2.6: ?????????????????????ΔΣ???????????
???? 500 mV
??????? 5,6,7,8,9,10 kHz
????? ???????? 1/128
???????????? 32?
???? 160 mVp−p
?????? 1.0 nA, 0.8 nA, 0.6 nA
(?????????????????)
? 2.7: ????????????????????????
Ibias(nA) Clock Frequency(kHz) 5 6 7 8 9 10
(Slew Rate Boost OPamp)
Ibias(nA) 1.7 1.7 1.8 1.8 1.8 1.9
1 (Constant Bias OPamp)
Iss(nA) 26 27 28 29 30 31
Ibias(nA) 1.4 1.4 1.4 1.5 1.5 1.6
0.8 (Constant Bias OPamp)
Iss(nA) 22 24 25 26 27 29
Ibias(nA) 1.2 1.1 1.2 1.2 1.3 1.3
0.6 (Constant Bias OPamp)
Iss(nA) 20 21 22 24 25 26
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? 2.17: ΔΣ?????????????? ???????????????????
 5  6  7  8  9  10
Frequency (kHz)
SN
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 (d
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I    =26~31 nASS
I     =1 nAbias
I     =1.7~1.9 nAbias
I    =22~29 nASS
I    =20~26 nASS
I     =0.8 nAbias
I     =1.4~1.6 nAbias
I     =0.6 nAbias
I     =1.1~1.3 nAbias
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With Slew rate Boost
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? 2.18: ????????????????????? ΔΣ??????? SNDR ?????
??????????????????? SNDR?????????
24 ? 2? ??????ΔΣ??????
2.6 ???
?????MOS????????????????ΔΣ?????????????????
????????????????????ΔΣ??????? SNDR???????????
????????????????????????????????????????????
?????????ΔΣ??????? SNDR??????????????????????
??????????????? 3???????????????????????????
??????????????????????????ΔΣ???????????????
??????MOS?????????????????????????? 500 mV?????
???????????? 1 nA?????????????????????????????
SNDR?? 10 dB????????????????? 26 nA???????????????
?? 0.6 nA???? 10 kHz??????????????????? AD?????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????????????
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???????
3.1 ????
??????????????????????????????????????????
???????????CMOS????????MOS??????????????????
??????????????? [1, 2]???????????????????????????
?????????????? 2???ΔΣ??????? SNDR?????????????
?????????? [3]????????????????????????????????
????????????????????????????????????????????
????? [4]?
3.2 ???????
?????MOS??????????????????????MOS??????????
???????????????
• ?????
• ?????
?????????????????????
?????
???CMOS????????????????????????????????????
?????
???????MOS??????????-?????? (VGS)??????? (Vth)????
??????????? 3.1??????????????????????-????????
????? [5]?
IDS =
β
2
(VGS − Vth)2(1 + λVDS) (3.1)
????β ?MOS?????????????????? (= μCoxWL )?λ?????????
??VDS ?????-??????????
28 ? 3? ??? ·????????????????????
IDS
VGSVth
Weak Inversion
Region
Strong Inversion
Region
IDS=f(exp(VGS))
IDS=f(VGS  )2VGS
IDS
? 3.1: MOS??????? VGS − IDS ?? (??????) ???-???????????
???????????????
?????
?????????-??????????????????????? 3.1????????
???????????????????????-????????????????????
?????-?????????-?????????????????????????????
[6]?
IDS = IS0 exp
(
(1− κ)VBS
VT
)
exp
(
κVGS
VT
)(
1− exp
(
−VDS
VT
)
+
VDS
V0
)
(3.2)
????IS0, κ,V0 ????VBS ???-???????VT ???? (∼ 26mV@300K)????
VDS > 4VT ??????-???????????-???????????????????
??????????
IDS = IS0 exp
(
κVGS
VT
)
(3.3)
???????
?????????????????????????????????
• ?????????????
???????????-????????????? 2????????????????
??????-???????????????????????????????????
???????????-??????????????????????????????
?????????????????????????????????????????
????????MOS?????????????????????????????
• ????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????
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VDD=500 mV
75~100 mV
75~100 mV
75~100 mV
~200 mV(Single Ended)
~400 mV(Differential)
? 3.2: ????????? ?????????????MOS???????????? 3?
???????
???????????????????????????????????????????
????????????????????????????????????????????
??????????????????????????MOS???????????????
??????????
????
??????????????????MOS??????????-????????????
?????????????MOS????????????????????????????
??????? 0.25 μm CMOS????????????????n????MOS?????
??? 600 mV?p????MOS????????-800 mV????????????????
??????????????????????????? 500 mV?????????????
?????????????-??????????????-????????????????
???-??????? 75 mV?????? [5]??????????????????????
200 mV?????? 3.2???????????????????MOS??????????
?? 3???????
3.3 ??????????
? 3.3????????????????????????????????????????
????????????????????????????????????????????
???????????????????????? φ????????????????? φ¯
??????????????????? Cs ????????? Cf ????????????
???????? φ¯??????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
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+
- +
-
CS
Cf
Cf
CS
φ
φ
φ
φ
φ
φφ
φ
vin
+
-
vout
+
-
φφ φ
0
Time
Δvi
vi
? 3.3: ?????????????????????????????????? ?????
?? φ¯???????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
?????????????????????? [7]????????????????????
????????????????????????????????????????????
???????????????????????????????????????????
???????????
3.4 ????
? 3.4??????????????? 3.5???????????????????????
?????CMFB(Common Mode FeedBack)??????????0.25 μmCMOS??????
?????????????????
???
???????????????????????????????????????????
????????????????????????????????????????????
??????????? [8]?
??????????? 0.5∼20 nA??????????????????????????
???????????????????? 100 nA???????????????????
3.4. ???? 31
Differential
Pair
Adaptive
Bias Circuit
CMFB
Circuit
inp
inn
outp
outn
cmfb
biasp
Absolute Value
Detection
Variable
Current Source
biasp
inp
inn
? 3.4: ??????????? ??????????????????????????
? 3.1: ???????????: 3 pF?
?? 36 dB
???? 92◦
?????????? 600 Hz
?????????????????????? 2 nA????? 3 pF????????????
????????? 3.1?????
?????????
??????????????????????????????????????????
?????????????????? 3.5?????M4–M13?????????M14, M15?
???????????M6–M9???????????M14, M15?????????????
???????M6?M7?M8?M9???????????????????????M14?
M15???????????????????????????????M14, M15?????
????????????????????????????????????????????
????????????????????????????????M6?M7?M8?M9?
???????MOS??????????????????????????ΔVin = 0 V??
???????????????????????????????????????????
???????MOS??????????????????????????????????
????????????ΔVin = 0 V??????????????????????????
????????????????????????????????????????????
???????????????????????????????M17??????????
????????????????????????????????????M14, M15??
????????????
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VCM
outp outn
cmfbbias
VCM
φ φ
φ φ
φ φ
cmfb
VCM
outp outn
bias
outp outn
bias
inp inn
(a) using Switched Capacitor (b) using Differential Pair (c) using Linear Region 
MOS Transistor
? 3.6: ????????? CMFB????
(a) ???????????? (b) ????? (c) ????MOS?????????
Voutp-VCM
Voutn-VCM
? 3.7: ????????????? CMFB??
CMFB??
?????????????????????????? 3.6(a)????????? CMFB?
? [9]?????????????????????????????????????????
????????????????????????????????????CMFB????
?????????????????????????CMFB?? [10](? 3.6(b))??????
?????????????MOS?????????????? [11](? 3.6(c))???????
???????????????????????????????????????????
????????????????????????????????????CMFB????
3.5???????MOS???????????????????????
?????????????? CMFB???? VCM ????????????????
Voutp + Voutn − 2VCM = 0 (3.4)
???????????????????????? (VCVS)???????? 3.7??????
????????????????????????????????????????????
??????????????????????????????????????
M24?????????? ID,M24 ?
ID,M24 = ID,M23 + ID,M25 − 12(ID,M27 + ID,M28) (3.5)
?????????? VCM ????????????? (3.5)??? B???????????
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? 3.8: ???????????????????? ΔVin = 0????????????
?????????????????
ID,M24 = ID,M23 +
κIS0
Vt
(Vav − VCM ) exp
(
−κVav
Vt
)
(3.6)
?????????Vav =
Voutp+Voutn
2 ????? 2?????????????????????
Vav−VCM ? 0?????? ID,M24??????? (3.4)???????CMFB????????
3.5 ??????????
???????????????????????????????????????????
?????????? 3.8??????????????????????????? 5:4????
??????ΔVin = 0 V???????????ΔVin = 5 ∼ 10 mV????????????
?????????????ΔVin ????????????????????????????
????????????????????????????????????????????
??????????????????? 2∼75 nA?????????????????
??????????????????????????????????????????
?????? 3.2????????????????????????????????????
????????? 3.9?????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????????
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? 3.2: ??????????
???? 500 mV
???????? 200 mV
?????? 100 mV
????????????? 5 pF
?????????????? 5 pF
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? 3.10: ??????????????????
? 3.3: ??????
??????? (Main Osc.) Tektronix TDS5104
??????? (Sub Osc.) Tektronix TDS3054B
?????????? (DG) Sony Tektronix DG2020A
????? Sony Tektronix P3240
?? (PWR18-2TP) Kenwood PWR18-2TP(2?)
?? (R6243) Advantest R6243(2?)
???????? (AWG) Tektronix AWG2021
3.6 ?????
?????????? 5??????? 1?? 0.25 μmCMOS????????????
???????????????????? 3.10????????????????????
3.11????????????????????? 100 μm×50 μm???????????? 50
μm×50 μm???????????????????????????????????????
????? 3.12????
3.6.1 ???? ·??
?????? 3.3???????????? 3.13???????????????? 2??ΔΣ
?????????????????? (AWG)??????????????????????
???????????????????????????????????????????
??CMOS????? (LMC660CN, National Semiconductor)???????????????
????????????? (VCM )? 200 mV????
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? 3.11: ????????????????
3.6.2 ????
???????????????????? 3.14?????????????????????
???????????????????????????????????? 3.15?????
???????? 1 nA??????? 100 mV???????????????????? 40
pF?????????? 90 %???????????????????? 1.1 msec?13.7 msec
??????????????????? 1/12??????????????????????
????????????????????????????????????????????
?????????????????????? 12 nA???????????? 10 nA???
????????? CL ????????????????CMOS?????????????
?????
??????????????????????????????????????3.16????
???????????????????? (3.6)????????????????????
????????? (VCM )???????????????????????????????
???????MOS??????????????????????????????????
???????? 250 mV??????????????? 180 mV?????????????
???
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3.7 ???
MOS?????????????????????????????????????? ·?
? ·??????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????CMFB????????????????????????
???????0.25 μm CMOS?????????? ·??????????????????
??????????????????? 12????????????????????? 2?
????ΔΣ?????????????????? 26 nA????SNDR???? 10 dB??
???
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CDMA???????
4.1 ????
???????????????????????????????????????????
???????????????? 4.1(a)????????????????????????
????????????????????????????????????????????
???????????????????? 4.1(b)????????????????????
???????????????????????????????????????????
???????????????TDMA(Time Division Multiple Access????????)??
????????TDMA?????????????????????????????????
??????????????
??CDMA??????? [1]??????????????????? CDMA??????
?????????????????????? CDMA(Code Division Multiple Access????
?????)?? [3]??????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
????????????CDMA????????????????????????????
????????????????????????????????????????????
??????????????? CDMA?????????????????????????
????????????????????????????????????????????
[2]???????????????????????????????????????????
?????????????????
4.2 CDMA???
???????
???????????????????????????????????????????
???? 4.2???????????????????????????????????? (??
????)???????? (??)????????????????????????????
?????? (???)?????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
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(a) Star Topology (b) Bus Topology
Transmitter (Sensor)
Receiver
? 4.1: ????????????
(a) ???????? (b) ???????
DATA DATA
PN Signal PN Signal
modulation demodulation
Transmitter Receiver
Bus Line
Data Data
Data Noise/Other Data
? 4.2: ????????? ??????????????????????????????
?????
????
???????????????????????CDMA????????????????
?????????????????????????????????????????????
?????????????????????????????????????????
1. ???? 1???? 0? 1????????????
2. ?????? 0? 1?????????
????????????????? (maximum length?? : M??)???????M??
???????????????? (Linear Feedback Shift Register : LFSR)(? 4.3)?????
????? n???????????????????????? 2n − 1????????? 7
??????????????????? 0? 1 bit??????????? 128???????
?????????????????? 0? 1????????????? 2????????
??????????????
4.3. ?? CDMA??????? 47
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?????????????
???????? (CDMA)
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? 4.4?????????????????????????????????????????
???????????”0”?”1”??????????? (? 4.5(a))????????????
????????????????? 0??? (? 4.5(b))??????????????????
????????????????????????????????????????????
???????????????????????????????
48 ? 4? ?????????????? CDMA???????
Time
Integrator
Output
(a) Correlated (b) Uncorrelated
Integrator
Output
Time
Logical "1"
Logical "0"
? 4.5: ??????????????????????
(a) ???? (b) ????
Bus
Code B
Data "0"
Data "1"
Code A
Transmitter
Code A
Mixer
Level Detect "1"
Mixer
Mixer
Receiver
Integrator
Stabilizer
? 4.6: ?? CDMA??????? ??????????????????????????
????
4.3 ??CDMA???????
4.3.1 ????
?? CDMA???????????? 4.6???????????????????????
???????????????????????????????????????????
????????????????????????????????????????? (??
?)???????????????????????????? 3?????????????
?????”1”?”0”??????????????????????????????????
????????????????????????????????????????????
????
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DATA
PN Code
Generator
VDD
VSS
VDD
VSS
BUS
BUS
Ctran
Ctran
Ctran
Ctran
Enable
? 4.7: ???? ?????????????????????????????
????
?????? 4.7???????????? (PN Code Generator)????????????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????????????
????????????Enable????????????????????????????
??????????????????
1?????? 2?????????????? 1????????????????????
4.8(c)???????????????????????????? Vref ????
???????????????????????????????????
1. ?????”1”???:????????? VDD ??? (? 4.8(a))
2. ?????”0”???:????????? VSS ??? (? 4.8(b))
3. ??????????:????????? VDD?????????? VSS ??? (? 4.8(c))
??????N ???????????????????????????Ctran?????
???? CBUS ???”0”????????????? m??”1”?????????????
n???????????????????????????
VBUS =
(n−m)CtranVDD + CBUSVref
2NCtran + CBUS
(4.1)
???????????????????????????????????????????
???
????
?????????? 4.9???????????????????????????????
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(c) Uncommunication 
Condition
(a) Output "1" (b)  Output "0"
Bus
Line
Bus
Line
Bus
Line
? 4.8: ??????????????????
(a) ?? “1” (b) ?? “0” (c) ?????
BIAS
BUS
BIAS
BUS
PN Code 
Generator
Level
Detector
OUT
Buffer Mixer Integrator
VALID
? 4.9: ??????? ?????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
???????????
????????????????????????????? 4.10????????????
????????????????????????????????????????????
(OUT)????????? (VALID)???????????????????????????
???????????????????????????????????????
????????
???????????????????????????????????????????
???????????????????????????????? Vref ?????????
??????????? 4.11??????????????????????????????
?????????? (LPF)??????????????????????????????
???????????????? VCM ????????????????
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in+
in-
+
-
+
-
Correlation
Detector
OUT
VALID
? 4.10: ???????? ????????????????????????????
VCM
BUS
-
+
LPF
? 4.11: ??????? ???????????????????????????????
????????????
4.3.2 ??CDMA???????????
????????????????????????????? (4.1)???????????
???????????????? CDMA????????????????????????
???????????? (????????????????)??????????????
???????????????? 4.12?????????????????????????
????
4.3.3 ????
????????????????????????????????????? 3????
??????????
1. ??????????????
????????????Ctran??????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
????????????
2. ??????????????????????????
? 4.10?????????????????????????????????????
?/???????????????????????????????????????
? 0??????????????????????????????????????
3. ??????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????
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Time
Integrator
Output
Threshold Value for Logical "1"
Logical "1"
Logical "0"
Time
Unable to Determine  Output Logic
(Treated as Uncorrelated)
(a) Bus Capacitance is Small (b) Bus Capacitance is Large
Integrator
Output
Threshold Value for Logical "0"
? 4.12: ????????????
(a) ?????????? (b) ??????????
BUS
BUS
Output
VGA
Mixer Integrator
Gain Control
Circuit
Level Detector
Vin1 Vin2
Vout1 Vout2
? 4.13: ????????? ?????????????????????????????
?????
????? 3.???????????????????????????????????? ·?
????
4.4 ???????????????
??????????? 4.13?????????????????????? (VGA)????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????????????CDMA???????
???????????????????????????????????????????
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? 4.1: ??????????
???? (???) 60
???? (????) 60
???? (????) 60
?????? 76.8 nsec
????? 3
?????? 50 MHz
?????? 390.625 kHz
??????????? 10 mV
??? 1????? 0.33 V
??? 3????? 1 V
??????? 100000
????? 128
Vin
Vout-
+
R
C
? 4.14: ????????? RC???
4.4.1 ??????????
? 4.1?????????????CDMA???????????????????????
????????????????????????????????????????????
?????????????????????????? 128???????????????
128??????????????????????????????????????????
?? [4]??????????????? 60???????????????????????
?????????? ±600 mV(±VBUSMAX)????
? 4.14??? RC?????? t?????????
Vout(t) = − 1
RC
∫ t
0
Vin(T )dT (4.2)
??????????????????????????? Vin(t)??????????????
?????????????
Vout =
Lchip∑
n=1
Tchip
RC
Vin[n] (4.3)
?????????Lchip?????? (=128)?Tchip?????? (=1/50× 10−6 sec)??RC
??????? (=76.8× 10−9 sec)?Vin[n]? n????????????????
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Correlation Value(V)
0.67CBUS
2CBUS
? 4.15: ???????????????????? ??????????????
4.4.2 ???????
??????????????????????????????????????????
4.15??????????????????????????????????????????
???????????????????????
4.4.3 ???????
??????????????????????????????????????????
????????????????????????????????????????????
??????????????????? CDMA?????????????????????
??????????????n??????? 1/2n???????????????????
????????????????????????????????????????????
??????
?????????????????Vinmax???Vinmax??????????????????
???????????4.16????VBUSMAX ≤ Vinmax?????????Vinmax/VBUSMAX =
100 %?????????????????? ±1.0 V???????? 0 V????????
??????????Vinmax/VBUSMAX ?????????????????????????
???????????????????????????????????????????
??Vinmax/VBUSMAX = 8 %??????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
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-2 -1.5 -1 -0.5  0  0.5  1  1.5  2
Correlation Value(V)
Fr
eq
ue
nc
y(X
10
  )6
Vinmax/VBUSMAX=100 %
50 %
33 %
25 %
16 %
8 %
? 4.16: ?????????????????????????????? CDMA??????
???????????? ??????????????????????????????
????????????
?????±0.5 V?????Vinmax? VBUSMAX ? 25 %?????????????????
?????
4.4.4 ????????
????????????????????????????????????????????
?????????????????????????????????????????????
?????????????????????????????????????????????
????? 4.17??????????????????????????????????????
???????????????A(VBUSMAX ) = A(−VBUSMAX )?????????????G
???? 0????????????????????????????G = A(VBUSMAX )/A(0)
?????G? 1???????????????????????
? 4.18?G?????????????????????????????????????
?????????????????????????????????? CDMA??????
????????????????????????????????????????????
????????????????????±0.5 V????????????G???? 0.5 ∼ 2
????
?????????????????? CDMA?????????????????????
???????
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 A(0)
-VBUSMAX  0
AC
 G
ai
n
Input Voltage(V)
VBUSMAX
A(-VBUSMAX) A(VBUSMAX)X G
? 4.17: ????????????????????????????????????????
?? G=1???????????????
1. Vinmax/VBUSMAX > 0.25 : ???????????????? 25 %???????
2. G = A(VBUSMAX)/A(0)? 0.5?? 2????????
?????????
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G=    4.0
3.0
2.0
1.0
0.33
0.0676
7
0.5
? 4.18: ?????????????????????????? CDMA?????????
????????? ???????????????????????????????
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(b) using Capacitor(a) using Resistor
+ -
+-
+ -
+-
? 4.19: ???????????????????
(a) ????????? (b) ????????????
4.5 ????
???????????????????????????????????????????
?????????????????????
4.5.1 ????????
???????????????????????????
1. ?????????
??????????????????????????????????????????
?????????????????????????????????????????
???? 4.19???????????????????????????????????
???????????????
2. ??/???????
??/??????????????????????????????????????
?????????????????????????????????????????
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VDD
R R
Vin1 Vin2
Vin1
Vin1
Vin2
Vin2
IssmIss mIss
n 1 1 1 1 n
Vout1
Vout2
2
? 4.20: ???????? ??????????????????????????????
??????????????????????????????????/??????
????????????????????????????
?????????????????????????????????????????
???? CDMA???????????????????????????????Multiple-
Differential-Pair[5, 6]??????????????????????????????? 4.20?
????????????????????????????????????????????
??????????????????????????????? 3????????????
??? ISS ??????????????????????????????????????
????????
????????VDD − RIss(m+2+m)2 ????Iss ????????????????????
??????????????????????????? MOS??????????????
??????????????????????????? 1 V??????????????
?????????CMRR(Common Mode Rejection Ratio)????????????????
???????????????????????
? 4.20?????3?????????MOS????????????????n : 1, 1 : 1, 1 : n
???????????m : 2 : m????????MOS?????????????????
????????????????????? 4.21(a)???????????????????
???????????????????????????????????? 4.21(b)????
???????????????????????????????
?? C???????????????????????????????????
ΔVout = −R
(
4βnΔVin
(n + 1)2
√
−nΔV 2in +
2m(n + 1)
β
Iss +
β
2
ΔVin
√
−ΔV 2in +
8
β
Iss
)
(4.4)
????? C???????????????????????????? (4.4)??????
???
ΔVout = −RΔVin
(
4n
(n + 1)2
√
2βm(n + 1)Iss +
√
2βIss
)
(4.5)
???????????????????????????
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ΔVin ΔVin
ΔVoutΔVout
(a) Characteristics of each Differential Pair (b) Characteristic of whole VGA
? 4.21: ??????????????
(a) ??????????? (b) ?????????????
Integrator Digital Circuit
Vref1
Bias Circuit VariableCurrent
Sink
VGA
VG1
b0
b1
b2
b3
Vref2
M1
M2
M3
M4
Voltage
Converter
? 4.22: ?????????????????????? ????????????????
?????????????
4.5.2 ???????????
???????????????????????????????????????????
?????????????????????????????? (4.5)???????????
1/2???????????????? 2?????????????????????????
?????????
? 4.22???????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????????? 4 bit?
????????????????????????????????????????????
?????
???????? 4.23????????????????????????????????
??????????????????????????????
? 4.24???????????????????????????????????????
MOS???????????????????????????? k??????M1????
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from gain control circuit
b0 b1 b2 b3
 
to Variable Current Sink
p0
p1
p2
p3VG1
? 4.23: ?????? ????????????????????????????????
??????
??? Ibias ?????
I1 = kIbias (4.6)
I2 =
βp2
2
(√
2I1
βp1
+ RCSI1
)2
(4.7)
????????????????????????????????? I2 ?????????
???I2 ?? 2???????????????????????????????? 2???
???????????????????????????????
4.5.3 ??????
MOS??????????β ?????????????????????????????
????????????? (4.5)???Iss ∝ 1β ?????????????????????
???????????????? 4.25????? [7]?????????????
Ibias =
1
2R2biasβbp
. (4.8)
??????
?????????? 4.24??????????????????????????? GV GA
?????????
GV GA =
√
βnβp2
βp1βbp
√
k
R
Rbias
+
RCSR
2R2bias
√
βnβp2
βbp
k (4.9)
? (4.9)????????????????????????????????????????
?????????? 1 %?????????????????????????
??????????????????????????????????????????
????????????????????????
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RCS I1
I2
VG2
x1 x2 x4 x8
VDD
M1 M2 M3 M4
βp2
βp1
VGA
mIss mIss2Iss
βn
p0 p1 p2 p3
? 4.24: ????? MOS??????? 2????????????? 2????????
????????????????????????
VDD
VG1
Rbias
Ibias
4βbp βbp
Mbn
4 : 1
1 : 1
? 4.25: ?????? ???MOS??????????????????????????
??????????????
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? 4.2: ????????????????
n 16
m 6
R 16 kΩ
VDD 3.3 V
 0
 0.4
 0.8
 1.2
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 -1.5  -1.0 -0.5  0  0.5 1.0 1.5
AC
 G
ai
n
Input voltage(V)
ISS = 14.5 μA
9.0 μA
5.5 μA
? 4.26: ??????????????????? ????????????????????
4.6 ??????????
??????????????????????????????????????????
???? 0.35 μm CMOS????????????????????????????????
??? 4.2?????????
? 4.26???????????????????????????????????????
????????????????????????????????????????????
????????????174.9 ∼ 1287 μW?????
? 4.27?? 4.24???????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????
? 4.28?? 4.25???????????????????????????????????
????????????????????????????????????? 4.25????
????????????????????????????????????????????
????
? 4.29???????????????????????????????????????
?????????????????????????? 0.37∼2????????? 5????
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? 4.27: ??????????????????????????? ???????????
????????????????????????????????????
???????????????????
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? 4.29: ????????????????????????? ????? 5???????
??5?????????????????
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4.7 ???
?????????????? CDMA?????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
?????Multiple-Differential-Pair???????????????????????????
????????????????????????????????????????
????????????????? 0.37?? 2.0???????????????????
???????????????????????? 2???????????????????
??????????MOS??????????????????????????????
????????????? CDMA??????????????????????????
????????????????????????????????????????????
? CDMA???????????????????????????????????????
????????????????????????????????????????????
???
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?5? ?????????????????
CDR??
5.1 ????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????
?????????????????????????????????????????USB[1]
????????????????????????????????????????????
??????????????????????????????????????? CDR(Clock
and Data Recovery)?? [2]???????????????????????????????
???????????????????? CDR?????????
???? CDR????? 5.1???????PLL(Phase Locked Loop)??????????
?????PD?????? (Phase Detector)?CP???????? (Charge Pump)?LPF?
???????? (Low-Pass Filter)?VCO???????? (Volatge Controlled Oscillator)?
????????PD? PFD(Phase/Frequency Detector??? ·??????)???????
????????????????????? [3]?CDR?????? PD? PFD??????
????????????????????????????????????????????
??????? CDR???????????? 5.2????????????????????
?????????????????????????????????CDR????????
????????????????TMDS[4]???????????????????????
????????????VCO[5]?????????? [6]?CDR?????????????
???????????????????????????????????????????
????????????? CDR????????????????????????????
????????????????????????????????????????????
???????????????
PD CP/LPF VCO
Signal Input
Reference Clock
Clock Output
? 5.1: PLL/CDR????? ?????????????????????????????
????????
70 ? 5? ????????????????? CDR??
Received
Data
Recovered
Clcok
Recovered
Clock
(False Lock at x2)
Retrieved
Data
10 1 10 0 0 0 1
10 1 10 0 0 0 110 1 10 0 0 0 1Retrieved
Data
Time
? 5.2: ????? ??? CDR????????????????????????????
??????
CDR??????????????????????????????????????????
??????????????????????????????????????????????
??????????????????????????????? (??????,CID(Consecutive
Identical Digits))?????????????????? 1??????????Biphase???
???????????????????????????????8b/10b?? [7]?EFM(Eight-
to-Fourteen Modulation)[8]???????????????????????????????
??????????????????????????????
??????????????????????????????????????????
??????????CDR??????? [9]???????????????????????
1??????????????????????????????CDR??????????
???
5.2 ????
5.2.1 ????
? 5.3?????CDR????????????????????PFD? VCO??????
???????????????????????VCO??????????????????
????????????????????????????????????????????
??????????????????
???CP? LPF??? 5.1??????CDR? PLL????PFD?????????VCO
?????????????????????VCO?????????????∼??????
5.2. ???? 71
PFD CP/LPF VCO FDIV
Signal Input
Clock Output
rst
up
down
Presetted OSR
D-FF
Signal Output
? 5.3: ???? CDR???????? ????????????VCO?????????
??????????????
Signal Input
(a) Locked
(b) Unlocked(1)
(c) Unlocked(2)
Time
? 5.4: ?????VCO?????? (OSR=4) ???????OSR???????????
??????????????
???????????????????VCO???????? (OSR)??????FDIV?
??? (Frequency Divider)??VCO??????????????????????????
????????????????????????????????????????????
??????????????????????D-FF??FDIV??????????????
????????????????
???????????????????????????????? CDR???????
5.2.2 ????
????????????PLL??CDR???????????VCO??????????
???????VCO?????????????????????VCO???????????
???????????????? (OSR?)????? VCO???????????????
5.4(a)????????????? 1????? VCO???????? OSR????????
5.4(b)?(c)???????????????????????????????????????
???????? 5.4(a)???????????????PFD?? 1???????? VCO?
???????????????
? 5.5????????????????????????????????????????
??????????PFD??1????????VCO????????????OSR???
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edge
detector counter
CID
detector
divider subtractor serializer
Presetted
OSR
VCO clock
Signal Input
up
down
Nmeas
NVCO
delayNLast
contrst
? 5.5: PFD??? ????? VCO???????OSR???????OSR??????
?????????
??????????????????????OSR???????????????????
?????????? VCO???????????????????????????????
???????????????????????? VCO?????????????????
????????????????????????????????????????????
???????????????????? VCO???????????????? 1????
???? VCO????????NV CO ?????????????????Nmeas ?????
???????????????CID ·NV CO(CID = 1 ∼ CIDmax(CIDmax ????????
???????))????????????????????????????????????
????????????????????? Nmeas?????????? CID???????
??????NV CO ?????
?????NV CO ??????????OSR???????????? cont??????
???????? cont??? CP???????????????up?down?? 1bit???
???cont?????????up???? down??????????????cont?????
???/?????cont??? 0????????????????? CDR???up?down?
? 1bit????????? CP, LPF?????VCO???????????????????
??? CP?LPF???????????????????OSR=4???? PFD??????
? 5.6??????????????????Nmeas ? 1????????????NV CO ??
??????OSR??????????????????
PFD???????1????????VCO???????????OSR??????VCO?
??????????????PFD??????????????????????????VCO
????????????????OSR?????PFD???????nOSR(n = 1 ∼ CIDmax)
??????????????????????FDIV?????OSR???????????
?????????? FDIV????????????nOSR???? (n+ 0.5)OSR?????
???????????????????????????????????????PFD??
?????????????????????
?????OSR=10?CIDmax=5? PFD?Verilog???????????????????
? 708????? 5.5?????????????????????????????????
5.2.3 ????????????
??????????CID detector??????????????????? NV CO ???
NLast??????????? CID?????????????
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Signal Input
VCO clock
Time
Nmeas
NVCO
OSR
cont
up
down
3 724
3 324
4
2 1 0 00 1 1 0
? 5.6: PFD????? (OSR=4) 1 ???????? VCO??????????????
OSR????? up, down????????????
• 0 < Nmeas < 1.5NLast????
NV CO = Nmeas (5.1)
• (n− 0.5)NLast < Nmeas < (n + 0.5)NLast (n = 2, ..., CIDmax − 1)????
NV CO = Nmeas/n (5.2)
• (CIDmax − 0.5)NLast < Nmeas ????
NV CO = Nmeas/CIDmax (5.3)
???? CIDmax = 5???????? 5.7????????NLast????????????
????????????NLast?????????????
1. NLast????????????
?????NLast ?????? 2????? Nmeas ???????????? 5.8(a)??
?????????????? 2???????????? 1????????VCO??
???????? OSR/2??????????????????CID = 1???????
?????Nmeas < NLast????? (5.1)??NV CO ???Nmeas???????NLast
???????????
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NLast 2NLast 3NLast 4NLast 5NLast
CID=1 CID=2 CID=3 CID=4 CID=5(CIDmax)
0 Nmeas
? 5.7: ????????? (CIDmax = 5) ?????OSR???????????????
????? 1?????????????????? CIDmax ???????????????
????????
NLast 2NLast 3NLast 4NLast 5NLast0 Nmeas
Actual
Value
NLast is twice
of Actual Value
NLast 2NLast
Treated as CID=1
NLast 3NLast 5NLast0
0
Treated as CID=5(CIDmax)
(a)
(b) NLast is half
of Actual Value
? 5.8: NLast???????????????????? (CIDmax = 5)
(a) NLast?????? 2???? (b) NLast???????????
2. NLast??????????????
?????NLast?????? 1/2?????Nmeas???????????? 5.8(b)??
?????????????? 1???????????? 2????????VCO???
??????? 2OSR??????????????????CID = CIDmax??????
??????Nmeas > NLast ·CIDmax????? (5.3)??NV CO???Nmeas/CIDmax
???????NLast???????????
??????????????NLast ???????????CID = 1? CID = CIDmax ?
???????????NLast ????? 1???????? VCO????????????
????? CDR?? NLast?????? n?????? 1/n? (n? 2?????)?????
??????????????? 1??????? VCO??????????????????
???????????NLast????????????VCO???????????????
?????????1????????VCO????????NLast????????????
?????????? 5.7?????NLast???? Nmeas?????????????????
5.3 ????
???????????????????????????????????
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Input Signal
Sample Clock
TimeSampled Data 0 0 1 1 1
Maximum
Phase Error
? 5.9: ??????????????? ???????????????????????
???????OSR?????
5.3.1 ??????
CDR??????????VCO???????????????????OSR??????
??????????????????? 5.9????????????????? 2πOSR (rad)?
??????????????????????????????????????????OSR
??????????????????????????????????????
5.3.2 ???
?????????????????????????????????VCO???????
??????????????????????????????????? VCO??????
??????????????????? PFD??????????????????????
??????????VCO???????????????????????????????
?????????????????
???????????????????FDIV??????????????????? 2?
?????????????????????
1. CID = CIDmax????????????CIDmax?????????????????
2. CID = CIDmax ????????????CIDmax + 1???????????????
???????????
???????????????VCO?????? Tideal?????VCO?????? Treal?
?????? 1.? Treal > Tideal ?????? 2.? Treal < Tideal ??????????????
???? PFD? FDIV?????? Treal · OSR · (n − 0.5)(n = 1 ∼ CIDmax)???????
???????????? 5.10????? 1.??????????
Treal(CIDmax − 0.5)OSR + Treal < TidealCIDmaxOSR (5.4)
76 ? 5? ????????????????? CDR??
Time
Input Signal
CID 1 2 1 2 CIDmax-1 CIDmax
0 CIDmaxTidealOSR
Appropriate range of
Treal(CIDmax-0.5)OSR1
Appropriate range of
Treal(CIDmax+0.5)OSR
Tideal
? 5.10: ?????????? ??????? CIDmax?????????????????
?????????????
???? (5.4)???? Treal ??????????????????????PFD? FDIV?
??????????????VCO?????????????????????? Treal ??
???????
????? 1.????????? 2.??????????
TidealCIDmaxOSR < Treal(CIDmax + 0.5)OSR (5.5)
? (5.4)?(5.5)???
CIDmax
CIDmax + 0.5
Tideal < Treal <
CIDmaxOSR
(CIDmax − 0.5)OSR + 1Tideal (5.6)
?????????? (5.6)???????????????????????????????
????
2π
(
CIDmaxOSR
(CIDmax − 0.5)OSR + 1 −
CIDmax
CIDmax + 0.5
)
= 2π
CIDmax(OSR − 1)
CID2maxOSR + CIDmax − 0.25OSR + 0.5
(5.7)
????? (5.7)?????CIDmax?????????????? 5.11???????????
???????????????????????????????OSR??????????
OSR????????????????????????OSR???????????????
???????????????
5.4 ??????????
??????????????????????????????????????????
?????????? NCO(Numeric Controlled Oscillator)???????????PFD???
up?down?????????? NCO? CP?LPF???????????NCO???? 1 Hz?
OSR???? 10??????????????????????????? 28 − 1? LFSR?
???????????????????CIDmax = 8????
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π
 3π/4
π/2
 π/4
 0
 0  10  20  30  40
OSR=     2
4
8
16
256
CIDmax
Ph
as
e 
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? 5.11: CIDmax???????????????? OSR????????????????
???????????????
? 5.12?????????????VCO????????????????????????
????????????????????????????100 k∼10 Mbps????????
??????VCO?????? fV CO0 ? 10 kHz? 200 MHz???????????????
???????????VCO?????????????VCO????????????? 10
??OSR???????????????????????
????????? 100 kbps??????????????????????????????
?????????????? 5.13????????????????????????????
????????????????????????????????????????????
? 5.14??????????? 100 kbps?VCO?????? fV CO0? 10 kHz?100 MHz?
?????VCO????????????????????????????????????
??????????????????????????????? 1 %???????????
???8.1 sec, 17.5 sec??????????????????????????????????
1. NCO????????
2. NV CO ? OSR??????????????????????????
3. Dual-Loop??? CDR[10]????????????????????????VCO??
???????????????????????? CDR???
???????????
? (5.6)???????????????????????????????????????
??????????????????? 5.1???????????????????VCO?
??????? 5.1???????????????????????????????????
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 1M
 10M
 100M
 100k  1M  10M
100 kHz
200 MHzfVCO0 =
VC
O
 F
re
qu
en
cy
(H
z)
Signal Bitrate(bps)
? 5.12: ????????????????????????????? ?????????
??????????????????????????????
? 5.1: ??/???????????????????????????
OSR 10
???????? 100 kbps
VCO????? (???) 1.2∼1.5 MHz
VCO????? (???) 500∼800 kHz
???? ? 10000?
????????????????????????? 5.15????????????????
???? 5.16????
?????? (5.6)??????????? Treal ????
0.94118 < Treal < 1.05263(μsec) (5.8)
??????? freal ???????
950 < freal < 1062.5(kHz) (5.9)
????? 5.15?5.16??????? (5.9)?????????????????????? 5.15?
5.16????????????
949.983 < freal < 1062.52(kHz) (5.10)
??????????? (5.6)??????????????????????????????
??????????????????
???????????????????????????????????????????
?????????????????????????????100 kbps?OSR=10??????
5.4. ?????????? 79
 0  0.2  0.4  0.6  0.8 1.0
Time (msec)
Input
Signal
Clock
Output
Signal
Output
? 5.13: CDR???????? ???????????????????????????
?????????????????????
?????????????? 110 kbps????????? VCO??????????? 5.17
????? 5.14?????????????????????????????????? 5.18
????????? π ?????????????????????????????????
????????????????????????????????????????????
??? FDIV?????????????????????????????????????
????????????????????????
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 10k
 100k
 1M
 10M
 100M
 0  5  10  15  20  25  30
fVCO0=100 MHz
fVCO0=10 kHz
VC
O
 F
re
qu
en
cy
(H
z)
Time (sec)
? 5.14: VCO??????????? ?????????????????????????
??
 1.2
 1.25
 1.3
 1.35
 1.4
 1.45
 1.5
 1.062  1.063  1.064  1.065  1.066
In
iti
al
 C
lo
ck
 F
re
qu
en
cy
 (M
Hz
)
Minimum Error Occurrence Frequency (MHz)
Theoretical
Boundary Frequency
? 5.15: ?????????????????????????? ????????????
???????????????????????????????
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 500
 550
 600
 650
 700
 750
 800
 944  945  946  947  948  949  950
In
iti
al
 C
lo
ck
 F
re
qu
en
cy
 (k
Hz
)
Theoretical 
Boundary Frequency
Maximum Error Occurrence Frequency (kHz)
? 5.16: ?????????????????????????? ????????????
???????????????????????????????
 980k
 1M
 1.02M
 1.04M
 1.06M
 1.08M
 1.1M
1.12M
 0  1  2  3  4
Time (sec)
VC
O
 F
re
qu
en
cy
 (H
z)
? 5.17: ???????????????????? VCO??????? ????????
????????????????
82 ? 5? ????????????????? CDR??
-40 -20  0 20  40  60  80  100
 0
 0.5
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? 5.18: ?????????????????????? ????????????????
???????
5.5. ??? 83
5.5 ???
?????????????????????????????????? CDR??????
??????? VCO??????????????????????????????????
????????VCO??????????????????????????????????
VCO???????????????????????????????? OSR??????
??????????????????????????????????OSR???????
????????????????????????????????????????????
??????????????????????????
???????? CDR????????????????????????????????
??????????????????????????????????????
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?6? ??
???????????????????????? ·??????????????????
??????? ·???????????????????????
? 1??????????????????????????????????
? 2?????????ΔΣ?????????????????????????????
???????????????????????????????????????? 500 mV
?????????MOS????????????????????????????????
????????????????????????????????????????????
? (????)???????????????????? SNDR??????????????
??????????????????????????????????????????2?
?ΔΣ??????? 0.25 μmCMOS??????????????????????????
???????? 3??????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????????????????? 1 nA??????????????????
??????????????????????????????????? SNDR?? 10 dB
??????????? 26 nA??????????????? 10?????????????
????????????????????????? 0.6 nA???????????????
??????????????????????????????????????? SNDR?
? 15∼20 dB??????????????????????????????????????
????????AD??????????AD?????????????????????
????????????????????????????????????????????
??????????
? 3?????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????MOS???????????????????????????????????
???????????????????????????????????????????
?????????????????????????? 0.25 μmCMOS??????????
????????????????????????????????????????????
12??????????????????????????????????????????
????? AD???????????????????????????
? 4?????????????????? CDMA???????????????????
????????????????????????????CDMA????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
88 ? 6? ??
???????????? 25 %???????????????????????????? 0
????????? 0.5∼2???????????????????????????????
?????Multiple-Differential-Pair???????????????????????????
??????????????????????????????MOS???????????
??????? 2???????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????????????
0.37∼2????????? 5??????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????
? 5?????????????????????????????????????????
???????????????????????????????????????????
VCO??????????????????????????????????????????
PFD????????????????????????????????? VCO?????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????????
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? ?A ????????????????
????????
? 3.3???????????????????????????? ramp??????? sr?
???????????????? vin???????????? φ?? φ¯??????????
???? v+out,ideal ?????
Cs, Cf ???????? qs, qf ? t = 0− ??
q−s = Cs · vin (A.1)
q−f = Cf (v
−
out − v−i ) (A.2)
= Cf
(
v−out +
vout
A
)
(A.3)
= Cfv−out
A + 1
A
(A.4)
t = 0+????
q+s = −Csv+i (A.5)
= Cs
v+out,ideal
A
(A.6)
q+f = Cf (v
+
out,ideal − v+i ) (A.7)
= Cfv+out,ideal
A + 1
A
(A.8)
(A.9)
???????
q−s + q
−
f = q
+
s + q
+
f (A.10)
????
Csvin + Cfv−out
A + 1
A
= Cs
v+out,ideal
A
+ Cfv+out,ideal
A + 1
A
(A.11)
v+out,ideal =
(
Csvin + Cfv−out
A + 1
A
)(
Cs
A
+ Cf
A + 1
A
)−1
(A.12)
=
(
Csvin + Cfv−out
A + 1
A
)(
Cs + Cf (A + 1)
A
)−1
(A.13)
=
(
Csvin + Cfv−out
A + 1
A
)
A
Cs + Cf (A + 1)
(A.14)
????????A???????????v−out????????φ??????????????
????????????????????????????????????????
dVrout(t)
dt
=
(v+out,ideal − v−out)
rampCL
exp
( −t
rampCL
)
(A.15)
90 ? ? A ????????????????????????
Δvout
Timetclk/2
Pattern  1.
Pattern  3.
Pattern  2.
Limitation by
Slew Rate
t0
? A.1: ???????????????????????? ??????????????
?????????????????????????? 3??????????
??????????????????????
dVsr(t)
dt
= sr (A.16)
???????? t0??????? A.1??????????Δvout??? 3????????
???????????? 3.???? t0?????
?????t0 ??????????????
dVrout(t0)
dt
=
dVsr(t0)
dt
(A.17)
(v+out,ideal − v−out)
rampCL
exp
( −t0
rampCL
)
= sr (A.18)
exp
( −t0
rampCL
)
=
sr · rampCL
v+out,ideal − v−out
(A.19)
−t0
rampCL
= ln
sr · rampCL
v+out,ideal − v−out
(A.20)
t0 = − ln sr · rampCL
v+out,ideal − v−out
· rampCL (A.21)
(A.22)
1. t0 ≤ 0???
?????????????? CL ??????????????????????
Δvout = (v+out,ideal − v−out) ·
(
1− exp
( −tclk
2rampCL
))
(A.23)
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???Δvout ??????????tclk ???????????
2. t0 ≥ tclk/2???
?????????????????????????????
Δvout = sr · tclk2 (A.24)
3. 0 < t0 < tclk/2???
?????????????????????????????????????????
Δvout = sr · t0 + (v+out,ideal − v−out − sr · t0) ·
(
1− exp
(
−
tclk
2 − t0
rampCL
))
(A.25)
???????????t0???????? (A.23)?(A.24)?(A.25)????????????
??????????????????????????
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? ?B CMFB???????
? 3.5???? CMFB???????
ID,M24 = ID,M23 + ID,M25 − 12(ID,M27 + ID,M28) (B.1)
= ID,M23 + IVCM −
1
2
(Ioutp + Ioutn) (B.2)
????
IVCM −
1
2
(Ioutp + Ioutn) = 0 (B.3)
????????????????????IVCM − 12 (Ioutp + Ioutn)???????????
Voutp+Voutn
2 = Vav ???M25, M27, M28? p????MOS???????????????
???
IVCM −
1
2
(Ioutp + Ioutn) = IS0
{
exp
(
−κVCM
Vt
)
− 1
2
(
exp
(
−κVoutp
Vt
)
+ exp
(
−κVoutn
Vt
))}
(B.4)
= IS0
{
exp
(
κ
−VCM + Vav − Vav
Vt
)
− 1
2
(
exp
(
κ
−Voutp + Vav − Vav
Vt
)
+exp
(
κ
−Voutn + Vav − Vav
Vt
))}
(B.5)
= IS0 exp
(
−κVav
Vt
){
exp
(
κ
Vav − VCM
Vt
)
−1
2
(
exp
(
−κVoutp − Voutn
2Vt
)
+ exp
(
κ
Voutp − Voutn
2Vt
))}
(B.6)
x????????2?????????
exp(x) ∼
(
x2
2
+ x + 1
)
(B.7)
94 ? ? B CMFB???????
???????????
IVCM −
1
2
(Ioutp + Ioutn) = IS0 exp
(
−κVav
Vt
){
exp
(
κ
Vav − VCM
Vt
)
−1
2
{
κ2(−Voutp + Voutn)2
4Vt2
+ κ
−Voutp + Voutn
2Vt
+ 1
+
κ2(Voutp − Voutn)2
4Vt2
+ κ
Voutp − Voutn
2Vt
+ 1
}}
(B.8)
= IS0 exp
(
κ
−Vav
Vt
){
exp
(
κ
Vav − VCM
Vt
)
−κ2 (Voutp − Voutn)
2
4Vt
− 1
}
(B.9)
= IS0 exp
(
−κVav
Vt
){(
κ
Vav − VCM
2Vt
)2
+ κ
Vav − VCM
Vt
+ 1
−κ2 (Voutp − Voutn)
2
4Vt
− 1
}
(B.10)
= IS0 exp
(
−κVav
Vt
){(
κ
Vav − VCM
2Vt
)2
+κ
Vav − VCM
Vt
− κ2 (Voutp − Voutn)
2
4Vt
}
(B.11)
????Vav − VCM ?????????????????
(Vav − VCM )2 << 1 (B.12)
????Voutp − Voutn ??????????????????
(Voutp − Voutn)2 << 1 (B.13)
? (B.12),(B.13)?????????
IVCM −
1
2
(Ioutp + Ioutn) = IS0κ exp
(
−κVav
Vt
)
· Vav − VCM
Vt
(B.14)
??????????
ID,M24 = ID,M23 +
κIS0
Vt
(Vav − VCM ) exp
(
−κVav
Vt
)
(B.15)
????
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? ?C ???????????????
? 4.20????????MOS?????????????????????????????
????
I11 = n
β
2
(Vin1 − VC1 − Vth)2 (C.1)
I12 =
β
2
(Vin2 − VC1 − Vth)2 (C.2)
I21 =
β
2
(Vin1 − VC2 − Vth)2 (C.3)
I22 =
β
2
(Vin2 − VC2 − Vth)2 (C.4)
I31 =
β
2
(Vin1 − VC3 − Vth)2 (C.5)
I32 = n
β
2
(Vin2 − VC3 − Vth)2 (C.6)
mIss = I11 + I12 (C.7)
2Iss = I21 + I22 (C.8)
mIss = I31 + I32 (C.9)
Ir1 = I11 + I21 + I31 (C.10)
Ir2 = I12 + I22 + I32 (C.11)
Vout1 = VDD −RIR1 (C.12)
Vout2 = VDD −RIR2 (C.13)
???β???????????? 1?MOS?????????????????? (= μCox WL )
????
??13????????????? I11, I12, I21, I22, I31, I32, VC1, VC2, VC3, Ir1, Ir2, Vout1, Vout2
? 13???????????????????????
? (C.1), (C.2), (C.7)???
n
β
2
(Vin1 − VC1 − Vth)2 + β2 (Vin2 − VC1 − Vth)
2 = mIss
(C.14)
n{V 2in1 − 2Vin1(VC1 + Vth) + (VC1 + Vth)2}+ V 2in2 − 2Vin2(VC1 + Vth) + (VC1 + Vth)2 =
2m
β
Iss
(C.15)
(n + 1)(VC1 + Vth)2 − 2(nVin1 + Vin2)(VC1 + Vth) + nV 2in1 + V 2in2 −
2m
β
Iss = 0
(C.16)
? (C.16)?????(VC1 +Vth)?????????????????????????????
96 ? ? C ???????????????
VC1 + Vth =
2(nVin1 + Vin2)±
√
4(nVin1 + Vin2)2 − 4(n + 1)(nV 2in1 + V 2in2 − 2mβ Iss)
2(n + 1)
(C.17)
=
nVin1 + Vin2
n + 1
±
√
n2V 2in1 + 2nVin1Vin2 + V
2
in2 − n2V 2in1 − nV 2in1 − V 2in2 − nV 2in2 + 2m(n+1)β Iss
n + 1
(C.18)
=
nVin1 + Vin2 ±
√
−n(Vin1 − Vin2)2 + 2m(n+1)β Iss
n + 1
(C.19)
??????????VC1??
VC1 =
nVin1 + Vin2 ±
√
−n(Vin1 − Vin2)2 + 2m(n+1)β Iss
n + 1
− Vth (C.20)
????????? (C.20)??±?????????
Iss ???????? VC1??????????????????????????MOS??
????????-???????????VC1 ???????????????VC1 ?????
????
VC1 =
nVin1 + Vin2 −
√
−n(Vin1 − Vin2)2 + 2m(n+1)β Iss
n + 1
− Vth (C.21)
????? (C.3), (C.4), (C.8)?? (C.5), (C.6), (C.9)???
VC2 =
Vin1 + Vin2 −
√
−n(Vin1 − Vin2)2 + 8β Iss
2
− Vth (C.22)
VC3 =
Vin1 + nVin2 −
√
−n(Vin1 − Vin2)2 + 2m(n+1)β Iss
n + 1
− Vth (C.23)
??????
? (C.1), (C.21)???
I11 = n
β
2
⎧⎨
⎩Vin1 −
⎛
⎝nVin1 + Vin2 −
√
−n(Vin1 − Vin2)2 + 2m(n+1)β Iss
n + 1
− Vth
⎞
⎠− Vth
⎫⎬
⎭
2
(C.24)
= n
β
2
⎛
⎝Vin1 − Vin2 +
√
−n(Vin1 − Vin2)2 + 2m(n+1)β Iss
n + 1
⎞
⎠
2
(C.25)
????ΔVin = Vin1 − Vin2 ?????? (C.25)??????????
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I11 = n
β
2
⎛
⎝ΔVin +
√
−nΔV 2in + 2m(n+1)β Iss
n + 1
⎞
⎠
2
(C.26)
= n
β
2
ΔV 2in + 2ΔVin
√
−nΔV 2in + 2m(n+1)β Iss + 2m(n+1)β Iss − nΔV 2in
(n + 1)2
(C.27)
= n
β
2
(1− n)ΔV 2in + 2ΔVin
√
−nΔV 2in + 2m(n+1)β Iss + 2m(n+1)β Iss
(n + 1)2
(C.28)
????? (C.3), (C.22)?? (C.5), (C.23)?? (C.2), (C.21)?? (C.4), (C.22)?? (C.6), (C.23)
????????????????
I21 = Iss +
β
4
ΔVin
√
−ΔV 2in +
8
β
Iss (C.29)
I31 = β
n(n− 1)ΔV 2in + 2nΔVin
√
−nΔV 2in + 2m(n+1)β Iss + 2m(n+1)β Iss
2(n + 1)2
(C.30)
I12 = β
n(n− 1)ΔV 2in − 2nΔVin
√
−nΔV 2in + 2m(n+1)β Iss + 2m(n+1)β Iss
2(n + 1)2
(C.31)
I22 = Iss − β4ΔVin
√
−ΔV 2in +
8
β
Iss (C.32)
I32 = nβ
(1− n)ΔV 2in − 2ΔVin
√
−nΔV 2in + 2m(n+1)β Iss + 2m(n+1)β Iss
2(n + 1)2
(C.33)
? (C.10), (C.11)??? (C.28)–(C.33)???
Ir1 = (m + 1)Iss +
2βnΔVin
(n + 1)2
√
−nΔV 2in +
2m(n + 1)
β
Iss +
β
4
ΔVin
√
−ΔV 2in +
8
β
Iss (C.34)
Ir2 = (m + 1)Iss − 2βnΔVin(n + 1)2
√
−nΔV 2in +
2m(n + 1)
β
Iss − β4ΔVin
√
−ΔV 2in +
8
β
Iss (C.35)
? (C.12), (C.13), (C.34), (C.35)???
Vout1=VDD−R
{
(m + 1)Iss +
2βnΔVin
(n + 1)2
√
−nΔV 2in +
2m(n + 1)
β
Iss +
β
4
ΔVin
√
−ΔV 2in +
8
β
Iss
}
(C.36)
Vout2=VDD−R
{
(m + 1)Iss − 2βnΔVin(n + 1)2
√
−nΔV 2in +
2m(n + 1)
β
Iss − β4ΔVin
√
−ΔV 2in +
8
β
Iss
}
(C.37)
????????????ΔVout = Vout1 − Vout2 ?????ΔVout ?????????
ΔVout = −R
(
4βnΔVin
(n + 1)2
√
−nΔV 2in +
2m(n + 1)
β
Iss +
β
2
ΔVin
√
−ΔV 2in +
8
β
Iss
)
(C.38)
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????
√
−nΔV 2in + 2m(n+1)β Iss ?
√
−ΔV 2in + 8β Iss ??????????????????
??
n ≈ 100 ∼ 101
ΔVin ≈ 10−2 ∼ 10−1
m ≈ 100 ∼ 101
β ≈ 10−4 ∼ 10−5
Iss ≈ 10−4 ∼ 10−5
?????
−nΔV 2in ≈ 10−3 ∼ 10−1 (C.39)
2m(n + 1)
β
Iss ≈ 100 ∼ 102 (C.40)
−ΔV 2in ≈ 10−4 ∼ 10−2 (C.41)
8
β
Iss ≈ 100 (C.42)
????
∣∣−nΔV 2in∣∣ <<
∣∣∣∣2m(n + 1)β Iss
∣∣∣∣ (C.43)
∣∣−ΔV 2in∣∣ <<
∣∣∣∣ 8β Iss
∣∣∣∣ (C.44)
??????
√
−nΔV 2in +
2m(n + 1)
β
Iss ≈
√
2m(n + 1)
β
Iss (C.45)√
−ΔV 2in +
8
β
Iss ≈
√
8
β
Iss (C.46)
???????????????????? (C.38)??
ΔVout = −R
(
4βnΔVin
(n + 1)2
√
2m(n + 1)
Iss
β
+
β
2
ΔVin
√
8
Iss
β
)
(C.47)
= −RΔVin
(
4n
(n + 1)2
√
2βm(n + 1)Iss +
√
2βIss
)
(C.48)
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?? ??????? ???????? ??????? ?????????????
????????????????????????????? ???? (?????????
?)??? ???? (???????)?? ???? (??????????)??? ?? (? NTT
???)??? ??? (????)??? ?? (?NTT?????)??? ?????? ??? (?
??)??? ??? (????)??? ??? (??????)??? ??? (????)??? ??
????????
???????????????????????????? ???? (??????)???
???? (??? Texas Instruments)?Kim Gue Chol?? (?????)?? ??????? ?
?????? ??? (?????)??? ????? ??? (????)??? ??? (????
?)??? ??? (????????????)??? ??? (??????????)??? ??
? (????)??? ?????? ??? (?????)??? ?????? ?? (?????)?
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